ABSTRACT. An allelic variation of the genes encoding the protective outer membrane lipoprotein (omlA) in Actinobacillus pleuropneumoniae was investigated with polymerase chain reaction (PCR)-restriction fragment length polymorphisms. Primers for PCR were selected from a conserved sequence compared between the omlA genes of A. pleuropneumoniae serotypes 1 and 5a. A DNA fragment of 970 bp was amplified from the genomic DNA of all 12 serotypes of A. pleuropneumoniae. The amplified DNA sequence specifically hybridized under a low stringent condition to the cloned omlA gene of A. pleuropneumoniae. Digestion of the amplified DNA with the enzymes either HinfI or VspI yielded specific polymorphic patterns, allowing discrimination of all serotypes into five distinct groups. -KEY WORDS: Actinobacillus pleuropneumoniae, diversity, omlA.
described previously [9] . The reaction condition used was at 94°C for 1 min for denaturing, at 64°C for 30 sec for annealing, and at 72°C for 1 min for extension; and the amplification was repeated for 25 cycles using a Perkin Elmer 2400 thermal cycler. For Southern hybridization, the 0.8-kb internal fragment of the omlA gene cloned from A. pleuropneumoniae NG-8 (serotype 5a) was used as a probe [3] . The transfer of DNA from agarose to a nylon membrane, hybridization and visualization of hybridized DNA was done essentially as described previously [8] . Prehybridization and hybridization were carried out at 55°C for 4 hr and 16 to 20 hr, respectively. After hybridization, the sheets were washed twice at room temperature for 5 min in 2 × saline sodium citrate (SSC: 1 × SSC is 0.15 M NaCl plus 0.015 M sodium citrate, pH 7.2) containing 0.1% sodium dodecyl sulfate (SDS) and twice at 55°C in 2 × SSC containing 0.1% SDS. Under these conditions, only a single band corresponding to approximately 970-bp DNA fragment was amplified from all the reference strains of A. pleuropneumoniae (Fig. 1A) . The amplified products were hybridized with the 0.8-kb internal segment of the omlA gene by Southern blot analysis (Fig. 1B) , indicating that the fragments amplified from A. pleuropneumoniae were derived from the omlA gene.
To identify the allelic variations of omlA genes among 12 serotypes of A. pleuropneumoniae, we digested the amplified and purified DNAs with several restriction enzymes whose sites were present on the fragment. After phenol extraction and ethanol precipitation [5] , the PCR-products were digested with several restriction enzymes according to the manufacturer's instructions. Little or no polymorphic variations were found with EcoRI, HincII, and HindIII. The best results were obtained by digestion with Sau3AI, HinfI, and VspI. The result of VspI digestion is shown in Fig. 1C . The sizes of the digested fragments were expected to sum to that of the amplified band (970 bp). While this was true for most serotypes, an exception was also noted, e.g., the sum of the fragments from serotype 4 was some 30 bp larger than those from the other serotypes (Fig. 1A, Table Actinobacillus pleuropneumoniae is an economically important pathogen that causes swine contagious pleuropneumonia worldwide [7] . So far, 12 serotypes are currently recognized [6] . Previously, genes encoding the protective outer membrane lipoprotein (omlA) have been cloned from A. pleuropneumoniae serotype 1 [2] and 5 [1, 3] , and the antigenic diversity among them has been described [3] . The omlA genes or its homologues were detected in all the serotypes of A. pleuropneumoniae strains, and their genetic variation among serotypes was also indicated [1] [2] [3] . In this study, we have examined restriction fragment length polymorphisms (RFLP) analysis of the amplified omlA genes to get more precise information about the genetic diversity. Our data also suggest that the RFLP profile of omlA can be used as a tool for large scale epidemiological studies.
Reference strains of A. pleuropneumoniae used are, strain 4074 (serotype 1), S1536 (serotype 2), S1421 (serotype 3), M62 (serotype 4), K17 (serotype 5a), L20 (serotype 5b), Femø (serotype 6), WF83 (serotype 7), 405 (serotype 8), CVJ13261 (serotype 9), D13039 (serotype 10), 56153 (serotype 11), 8329 (serotype 12). 10 field isolates of serotype 1, 10 isolates of serotype 2, 1 isolate of serotype 3, 10 isolates of serotype 5, 10 isolates of serotype 7, 1 isolate of serotype 10, are also used in this study. All the strains were stored frozen at 80°C and grown overnight at 37°C on chocolate agar plates. For preparation of the template DNA, the bacterial cells were suspended in 200 µl of distilled water, and then boiled for 10 min with 200 µl of 2% Triton X-100, 2 mM EDTA, and subsequently centrifuged at 15,000 rpm for 10 min. The 2.5 µl of supernatant was used for polymerase chain reaction (PCR). Comparison of our sequence data from serotype 5a [3] with those from serotype 1 reported by Gerlach et al. [2] enabled us to provide the conserved genetic regions between them and the primers for the PCR were selected from these regions. The primers used were 5'-CCTAAGGTTGATATGTCCGCA-3' and 5'-GTTGCCGTAGCACCGATTACG-3'. PCR amplification was performed in a volume of 100 µl as 1). RFLP patterns of Sau3AI together with that of HindIII could divide the 12 serotypes into five distinct groups. RFLP patterns of either HinfI or VspI could divide the 12 serotypes into the same five distinct groups. For the latter, the VspI digestion could identify the differences of RFLP patterns more easily than did the HinfI digestion. Thus, RFLP profiles of omlA gene of A. pleuropneumoniae reference strains showed five distinct groups (Table 1) ; Group I: serotype 1, 9, 11 and 12; Group II: serotype 2 and 8; Group III: serotype 3, 6 and 7; Group IV: serotype 4; Group V: serotype 5a, 5b and 10.
Since the ultimate goal of our experiments was to apply PCR-RFLP of the amplified fragments to the characterization of field isolates, it was important to show that the results obtained with the laboratory strains were reproducible with clinical samples. For this purpose, 42 field isolates of A. pleuropneumoniae isolated in Japan and Canada were then subjected to the PCR-RFLP analysis. DNAs amplified from all the 42 isolates were digested with VspI, and confirmed that yielded patterns were identical to those of the reference strains (data not shown). Since evidence that the results with the laboratory strains were reproducible on field isolates was provided by carrying out PCR-RFLP on 42 field isolates, the RFLP patterns of omlA seem to be identical among the same serotype strains. Serotyping identification is important in studying the epidemiology of A. pleuropneumoniae. However, several serotypes cross-react serologically [4] . Therefore, typing of omlA genes by RFLP analysis can be used as a valuable tool complementary to the serotyping of A. pleuropneumoniae in diagnosis and epidemiology. However, it will be necessary to analyze more isolates and to keep a collection of patterns for field isolates. Furthermore, attempts to develop methods for a rapid diagnosis from clinical samples, such as direct preparation of templates without cultivation should be important.
The presence of the OmlA proteins and the omlA genes among the A. pleuropneumoniae serotypes 1, 2, 8, 9, 11, and 12 strains were first reported by Gerlach et al. [2] . Recently, Ito et al. [3] and Bunka et al. [1] have indicated that the omlA genes and OmlA proteins in serotypes 5a, 5b, and 10 are highly homologous and are allelic variants from the OmlAs in serotypes 1, 2, 8, 9, 11 and 12. Based on these results, Ito et al. [3] have predicted the presence of a third distinct OmlA protein in the A. pleuropneumoniae serotypes 3, 4, 6, and 7. The PCR-RFLP described in this study dramatically revealed a presence of third or more allelic variants, especially, the difference between serotype 4 and serotypes 3, 6, and 7 has been noted. Moreover, serotype 2 and 8 could be genetically differentiated from the omlA genes in serotypes 1, 9, 11 and 12. Thus, the results of PCR-RFLP described in this study revealed the presence of at least five distinct allelic variations among omlA genes of A. pleuropneumoniae. Since the OmlA proteins in serotypes 3, 4, 6, and 7 have not been characterized, it should be interesting to investigate the nucleotide sequences of the genes and their expressions. Further studies are now in progress. Gel electrophoresis was performed on 2% agarose. Lanes correspond to serotypes and the strains used were: 1, 4074; 2, S1536; 3, S1421; 4, M62; 5a, K17; 5b, L20; 6, Femø; 7, WF83; 8, 405; 9, CVJ13261; 10, D13039; 11, 56153; 12, 8329. M, DNA size marker: (A) 1-kb ladder, Betheda Research Laboratories; (C) AmpliSize, Bio-Rad. 
